Aim: Hepatocellular carcinoma (HCC) is one of the most common cancers in the world. If left untreated, liver cancer has a poor prognosis with more than 90% of patients dying of the disease within 5 years of diagnosis. The aim of this study is to assess the value of combined radiofrequency ablation (RFA), followed by trans-arterial chemoembolization (TACE) in the management of HCC. Methods: Fifty HCC patients with chronic liver disease were categorized into two groups according to the modality of locoregional treatment: 25 HCC patients treated with RFA followed by TACE within 5 days and 25 HCC patients treated with TACE only. Results: Complete response was achieved in 100% and 84% of the HCC patients after 1 month from combined RFA-TACE therapy and TACE only respectively. The rate of objective response after 7 months was 84% and 44% in the RFA-TACE and TACE groups respectively. One year disease free survival rate was 56% and 24% in RFA-TACE and TACE groups respectively, and overall survival rate was 88% in the RFA-TACE group and 80% in the TACE only group. Conclusion: Combined RFA-TACE appears to be an effective modality and superior to TACE only for the treatment of HCC.
INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer in the world, with over 600,000 new diagnoses/year. [1] In Egypt, the annual incidence of HCC showed a significant rising trend from 4.0% in 1993 to 7.2% in 2002. [2] Radiofrequency ablation (RFA) is a locoregional modality for tumor ablation which often allows for greater preservation of unaffected hepatic parenchyma. [3] The greatest success rate was achieved in non-infiltrating tumors of sizes 3-5 cm. [4] Trans-arterial chemoembolization (TACE) is an intra-arterial infusion of chemotherapy, which blocks (embolizes) small blood vessels, depriving the tumor of its needed blood supply. However, this procedure is not curative. [5] The combination of RFA and TACE induces coagulative necrosis in large areas without any possibility of revascularization. [6] The aim of this study was to assess the efficacy of combined RFA followed by chemoembolization in the management of HCC.
METHODS
This cross-sectional randomized controlled prospective study was performed at the HCC Clinic at Ain Shams University.
Combined radiofrequency and chemoembolization Combined radiofrequency and chemoembolization vs vs. . chemoembolization in management of hepatocellular chemoembolization in management of hepatocellular carcinoma carcinoma
Ethical consideration
Ethical approval was obtained from the Local Ethical Committee of the Department of Tropical Medicine, Ain Shams University. Written informed consent was obtained from all participants. The right to refuse participation was emphasized.
Patients
The study included 50 cases of diagnosed HCC on top of chronic liver disease divided into two groups according to treatment modality. Group 1: 25 HCC patients underwent TACE only as a control group with 10 (40%) patients with single tumor sizes of 5 cm and 15 (60%) patients with single tumor sizes of 5-7 cm. Group 2: 25 HCC patients underwent RFA followed by TACE (RFA-TACE) within 5 days with 14 (56%) patients with single tumor sizes of 5 cm and 11 (44%) patients with single tumor sizes of 5-7 cm.
All patients fit clinical, biochemical, radiological (ultrasound) criteria of chronic liver disease and had positive hepatitis C virus (HCV) Ab and/or HbsAg. HCC was diagnosed by evidence of high  fetoprotein (AFP) (> 200 ng/mL) and/or presentation of HCC characteristics by triphasic spiral abdominal computed tomography (CT), according to American Association for the Study of Liver Diseases guidelines. [7] Inclusion criteria We included patients with Child-Pugh class A or B presentations, prothrombin concentrations of > 50%, platelet counts of > 50,000 per mm 3 , and ultrasound detection of the lesion to be allowed for percutaneous loco-regional ablation therapy.
Exclusion criteria
Patients with Child-Pugh class C presentations tumors in inaccessible sites or close to vital structures, malignant main portal vein involvement and/or extrahepatic metastases. All patients were categorized according to the Barcelona-Clinic liver cancer (BCLC) Staging System of HCC pre-and post-treatment to evaluate the general condition, performance status of liver functionality, Child-Pugh scores and Okuda stage. [8] [9] [10] [11] 
Procedures
All of the enrolled patients were subjected to tests of: complete blood count (CBC), alanine transaminase, aspartate transaminase, serum albumin, serum bilirubin, prothrombin time and international normalized ratio (INR), hepatitis markers (HCV Ab, HBsAg and HBcAb), AFP, chest X-ray, abdominal ultrasonography and abdominal triphasic spiral CT.
In post-treatment follow-up studies, all patients were subjected to the following evaluation measures 1-month afterwards and then every 3 months following the procedure: full clinical examination, CBC, prothrombin concentration, liver function tests, kidney function, AFP and spiral CT of abdomen. Classification of response was conducted according to the European Association for the Study of Liver amendments that take into account the reduction in viable tumor volume due to TACE-induced necrosis as follows. Complete response (CR): complete disappearance of all known disease and no new lesions; partial response (PR): at least 50% reduction in total tumor load of all measurable lesions; progressive disease (PD): at least 25% increase in size of one or more measurable lesions or the appearance of new lesions; stable disease (SD): does not qualify for CR/ PR or PD. [7] Radiofrequency ablation was performed percutaneously under ultrasound guidance after general anesthesia. RITA (Mountain View, California, USA) and Boston Scientific (Natick, Massachusetts, USA) expandable-type electrodes were used. These electrodes had multiple thin curved monopolar electrodes extending from the central cannula (18-14 gauge). Radiofrequency emanates from each of these hooks, resulting in increased coagulation. Also Valley Lab (Boulder, Colorado, USA) cooled-tip electrodes (17 gauge) were used. These electrodes have two hollow lumens that permit continuous internal cooling of the tip. Using percutaneous endovascular techniques, TACE was performed by selective catheterization of the hepatic segmental arteries nourishing the lesions, using either 5-F catheters (Simmons 1 and Cobra; Mallinckrodt, St. Louis, USA or Hydrophilic Simmons 1 and Cobra; Terumo, Tokyo, Japan) or 3-F coaxial microcatheters (Tracker 18; Vascular Access System, Target, St. José, USA; SP Catheter; Terumo). TACE was used to deliver potent anticancer drugs directly into tumor-feeding arteries. As a result, tumors were exposed to very high drug concentrations, while systemic exposure was minimized. The cytotoxic lipiodol mixture was prepared by mixing 100 mg adriablastin powder with 10 mL of saline, water soluble contrast and 10 mL of oily contrast (Lipiodol Ultra-Fluid; Jubilant HollisterStier General Partnership 16751 Trans-Canada Highway, Kirkland, Quebec, Canada) to ensure a homogenous mixture. Embolization was done by mixing small pieces of gel foam particles and water soluble contrast.
Statistical analysis
The collected data were statistically analyzed using the program SPSS (Statistical Package for Social Sciences, software version 18.0, Echosoft Corporation, USA). Data were expressed as mean ± standard deviation for quantitative parametric measures in addition to median percentiles for quantitative non-parametric measures and both number and percentage for categorized data. The following tests were used: Student's t-test, Wilcoxon rank sum test, Chi-square, and Kaplan-Meier.
RESULTS
Both groups were matched with regards to age and sex. Comparison between both groups regarding the different scoring systems shows no statistically significant difference (P > 0.05). There were 23 (92%) Child-Pugh class A and 2 (8%) class B patients in the TACE only group vs. 24 (96%) and 1 (4%) in the RFA-TACE group. Performance status grades of 0 were present in 18 (72%) patients and 7 (28%) with grade 0 in TACE vs. 14 (56%) and 11 (44%) in RFA-TACE. BCLC stage B was found in 18 (72%) and 7 (28%) in stage C TACE vs. 14 (56%) and 11 (44%) in RFA-TACE respectively [ Table 1 ]. Table 2 shows the response to the treatment after 1 month, with all patients underwent RFA-TACE achieved CR, but with no statistically significant difference between both groups (P > 0.05). After 7 months of treatment, the rate of the objective response (which includes both CR and PR for at least 6 months) was higher in RFA-TACE than that of TACE alone (P < 0.01). It was noted that lesions of more than 5 cm were more liable to PR and PD after chemoembolization alone. Performance status was improved in the RFA-TACE groups, shifting from a grade of 1-0 (P < 0.01). As summarized in Table 3 , 1-year total recurrence rates and local tumor progression rates were higher in patients that underwent chemoembolization alone (P < 0.01). In Table 4 , 1-year disease free survival rates and overall survival rates were higher after the combined therapy (P < 0.001). Figure 1 shows the median survival time for the two studied groups, which was 13 months with no statistically significant difference (P > 0.05). Comparison between both groups with regards to survival rates at 7 months and at 1 year is shown in Figure 2 . No major complication was reported after combined therapy or after TACE only; only post-embolization syndrome was reported as a minor complication in 68% and 72% of the patients in RFA-TACE and TACE groups, respectively.
DISCUSSION
Hepatocellular carcinoma is the fifth most common cancer worldwide and the third leading cause of cancer-related mortality, [12] with its incidence increasing worldwide ranging between 3% and 9% annually. [13] The European Association for the Study of Liver and the American Association for the Study of Liver Diseases recommends RFA as a non-surgical technique for the treatment of early stage HCC (Child-Pugh class A or B, solitary HCCs or up to 3 nodules with each ≤ 3 cm in size). [7] TACE has become the treatment of choice for multinodular HCC, [14] and for large HCCs in patients who are not surgical candidates. [15] Another promising role of RFA is to be combined with TACE for the treatment of intermediate and large tumors, [16] so as to obtain a large area of coagulation. [17] The combination of TACE with RFA has two theoretical merits: (1) occlusion of hepatic arterial flow by means of embolization may contribute to the decrease in the heat-sink effects during RFA and increase the ablation volume by RFA; and (2) combined treatment may have the effect of anticancer agents on cancer cells, which is enhanced by the hyperthermia. [18] In this work we evaluated the efficacy of combined RFA followed by TACE (RFA-TACE) in single HCCs (5-7 cm) in comparison to TACE only. The study results showed CR after 1 month in 100% and 84% of patients in combined RFA-TACE and TACE alone groups respectively. This is in agreement with other groups of researchers who reported that CR was achieved in 79.9% and 92.5% of HCC patients after combined (TACE-RFA) and RFA therapy respectively. [19, 20] In this work, both medium HCCs (5 cm) and large HCCs (> 5 cm) achieved CR in 100% of patients in the RFA-TACE group, whereas Wang et al. [21] showed that CR was achieved in 57.6% of medium sized HCCs and in 6% of large sized HCCs after (TACE-RFA) therapy. Another study documented that CR was achieved in 40% of patients with large sized HCC after (TACE-RFA) therapy. [22] In our study, the rate of objective responses after 7 months (CR and/or PR for at least 6 months) were 84% and 44% in RFA-TACE and TACE groups respectively, while Cheng et al. [23] reported that the rate of objective response after 6 months was 54% and 35% in TACE-RFA and TACE group respectively. In the current work, there was improvement in the performance status of many patients following RFA-TACE therapy as 44% of patients shifted from a PST score of 1-0 after 1 month of the combined therapy while 4% of patients were shifted from a PST of 0-1 after TACE only. Sacco et al. [24] revealed that there was worsening of clinical status in patients after TACE only. These results ensured that combined therapy had a positive impact on the performance status of HCC patients, also improved their survival and disease free survival rate and shifted them from BCLC stage C, where patients were restricted to certain supportive medical treatments, to stage B, where other different modalities could be implemented for HCC patients and with a good prognosis. In this study, local tumor progression rate at 1 year was 16% after RFA-TACE therapy. This result is comparable to Takaki et al. [22] and Kim et al. [25] who reported that local tumor progression rate at 1 year was 15% and 9% after TACE-RFA respectively. In the present work, no major complications were reported after combined therapy or after TACE only. Only post-embolization syndrome was reported as a minor complication in 68% and 72% in RFA-TACE and TACE groups respectively. Another study reported that major complications were observed in 2.2% of patients and minor complications were observed in 2.2% of patients post-combined TACE-RFA therapy. [19] Takaki et al. [22] stated that a minor complication was observed in 3% of patients post-combined TACE-RFA therapy. In the current study, 1-year survival rate was 88% and 80% in RFA-TACE and TACE only respectively, which is comparable with previous studies showing 1-year survival rates at 93%, 98% and 100% in TACE-RFA treated groups. [19, 23, 26] The present study found that, 1-year recurrence-free survival rate was 56% and 24% in RFA-TACE and TACE respectively, which is in concordance with other studies reporting 1-year recurrence free survival rates of 74% and 64.5%. [22, 26] Comparative studies have previously described TACE-RFA, a combined technique in which TACE was performed before RFA, and proved that it is much more better than mono-therapy, especially in medium and large sized HCC lesions. Although it is different from the technique discussed in this study in which TACE was done after RFA (RFA-TACE), both have nearly the same results, with RFA-TACE presenting better responses with regards to CR and objective response than TACE-RFA and mono-therapy, especially in management of medium sized HCC. In TACE-RFA, occlusion of hepatic arterial flow by means of embolization may contribute to the decrease in the heat-sink effects during RFA, increase in the ablation volume, and induce coagulation necrosis in large areas without any possibility of revascularization. During RFA, the high rate of local recurrence may be due to residual cancer cells or adjacent microscopic satellite tumor nodules, so TACE could be used as an adjuvant therapy after RFA to eradicate the peripheral viable tissue and micro-metastasis with more concentrated Survival rates at 7 months and 1 year. Survival rate at 7 months was 100% in radiofrequency ablation (RFA) + trans-arterial chemoembolization (TACE) group and 96% in TACE group. One year survival rate was 88.8% in RFA + TACE group and 80% in TACE group with statistically significant difference. RFA: radiofrequency ablation; TACE: trans-arterial chemoembolization local chemotherapeutic agents, also enhancing the effects of anticancer agents on cancer cells by the hyperthermia following RFA. So our conclusion is combined RFA and TACE appear to be effective modality and superior to TACE alone for the treatment of HCC
